The idea that the environmental toxin β-N-methylamino-L-alanine (BMAA) is involved in neurodegenerative diseases on Guam has risen and fallen over the years. The theory has gained greater interest with recent reports that BMAA is biomagnified, is widely distributed around the planet, and is present in the brains of Alzheimer's patients in Canada. We provide two important new findings. First, we show that BMAA at concentrations as low as 10 μM can potentiate neuronal injury induced by other insults. This is the first evidence that BMAA at concentrations below the mM range can enhance death of cortical neurons and illustrates potential synergistic effects of environmental toxins with underlying neurological conditions. Second, we show that the mechanism of BMAA toxicity is threefold: it is an agonist for NMDA and mGluR5 receptors, and induces oxidative stress. The results provide further support for the hypothesis that BMAA plays a role in neurodegenerative diseases.
Introduction
The hypothesis that BMAA is involved in the development of amyotrophic lateral sclerosis/Parkinson-dementia complex (ALS/ PDC) on Guam, locally known as Lytico-Bodig, has risen and fallen since its initial proposal in 1987 (Spencer et al., 1987; Cox and Sacks, 2002) . A major criticism regarding the hypothesis is that high BMAA concentrations are required to induce behavioral abnormalities and neuronal death. The initial proposal was that the native Chamorro people of Guam were exposed to BMAA through the consumption of cycad seeds containing BMAA. However, it was determined that the Chamorros thoroughly wash the cycad seeds leading to very low levels of BMAA being consumed (Duncan et al., 1990) . Recent reports have brought the BMAA hypothesis back into prominence. First, it was shown that BMAA is biomagnified as it travels through the food chain from the cyanobacteria symbionts on cycad plants, to the fruit bats that forage on the cycad seeds, to the people who eat the bats (Cox et al., 2003) . This is not the first instance of biomagnification of an excitotoxin; the consumption of shellfish that feed on algae that produce the excitotoxin domoic acid has led to human neurological deficits (Perl et al., 1990) . Second, BMAA can become protein-associated, leading to further increases in human BMAA levels and providing a potential mechanism for slow release (Murch et al., 2004) . There is also previous evidence that many non-protein amino acids can become protein-associated (Rosenthal, 1977) . The slow release of BMAA provides a possible explanation for the delayed onset of ALS/PDC following the time of probable BMAA consumption (Ince and Codd, 2005) . Third, BMAA has been found in cyanobacteria present throughout the world (Cox et al., 2005) , suggesting that BMAA may be of concern not only for specific groups of Pacific Islanders, but also for a much larger population. This point was further emphasized by the finding that BMAA is found not only in brain samples of ALS/PDC patients from Guam, but also in Alzheimer's disease patients from Canada (Murch et al., 2004) . Questions regarding the BMAA hypothesis still remain. For example, a recent report found no evidence of BMAA in brains of patients with ALS/PDC or Alzheimer's disease (Montine et al., 2005) . A number of technical differences may account for the differing results. Murch et al. (2004) used paraformaldehyde fixed tissue and performed an acid hydrolysis to release proteinassociated BMAA. While they found some free BMAA, the large majority of BMAA was protein-associated. Montine et al. (2005) used non-fixed brain tissue. However, they did not perform an acid hydrolysis. A definitive answer will clearly require additional studies.
A critical problem with the BMAA theory at present is that even though biomagnification of BMAA in the environment can occur, it is still not clear that high enough concentrations are reached to cause toxicity. Studies in cortical cell culture have shown that very high BMAA concentrations (1-3 mM) are required to induce neuronal death (Ross et al., 1987; Weiss and Choi, 1988; Weiss et al., 1989) . The purpose of the current studies
